No neutral lipid, but nearly all the phospholipid, was retained in Acanthamoebae when this organism was fixed in osmium tetroxide and dehydrated with ethanol. If applicable to intestinal mucosa, this observation of Korn and Weisman's (I) might disturb electron microscopists striving to interpret morphological events during fat absorption.
Three other groups of investigators have commented on the preservation of tissue lipid after it had been processed for electron microscopy. Morgan and Huber (2) recovered less than 40% of lung lecithin-3H after this tissue had been fixed with osmium tetroxide and dehydrated with ethanol. On the other hand, Stein and Stein (3) reported that 70-78% of liver lipid-3H was preserved. When hamster small intestine was incubated with linolenic acid-' 4 C, about 90% of the mucosal 14C was found in the fixed and dehydrated tissue.' These varying results suggest that the chemical structure of intracellular lipids and the type of tissue determine what lipids are removed during processing for electron microscopy. Furthermore, losses of indigenous tissue lipid and of newly absorbed lipid may not be similar. The present study was designed to quantify the loss of absorbed lipid from intestinal mucosa which had been exposed in vivo to saturated or unsaturated lipid, fixed in buffered osmium tetroxide, and dehydrated in graded ethanols as for electron microscopy.
MATERIAL AND METHODS
Palmitic, oleic, and linoleic acids, monopalmitin, I E. Strauss. 1967. Personal communication.
monoolein, and monolinolein (purity 99%) were obtained from the Hormel Institute, Austin, Minn. Sodium taurocholate, synthetized according to Hofmann (5), was shown to be chromatographically pure. Dioleoyl and distearyl lecithins were synthetized by Dr. M. A. Wells and were shown to be pure by thinlayer chromatography (TLC), by measurement of their optical rotation, and by analysis of their percentage composition of phosphorus.
I-palmitic acid-1 4 C (Nuclear Research Chemicals, Inc., Orlando, Fla.) and -oleic acid-' 4 C (New England Nuclear Corp., Boston, Mass.) were purified by TLC. Radioactive materials were located by radioautography of chromatoplates. Subsequent analysis by GLC (gas-liquid chromatography) of the respective fatty acid methyl esters revealed a purity greater than 96 moles/100 moles of fatty acid. After initial purification by TLC, I-linoleic acid-'4C (Nuclear Research Chemicals) was chromatographed on a thin layer of silica gel H impregnated with silver nitrate (7) . The identity of the radioactive material corresponding to the cis, cis isomer of linoleic acid (7) was corroborated by infrared spectrophotometry. 4-cholesterol-1 4 C (New England Nuclear) was chromatographically pure by TLC and radioautog raphy.
In Vitro Experiments
Emulsions of fatty acids- 1 allowed to stand at 22°for hr. The reaction mixture was transferred with water to a centrifuge tube which was spun at 1500 rpm for 5 min. After the supernatant had been removed, the precipitate was washed twice with water, and the combined aqueous phases were made up to volume. The precipitate was then washed successively with 3 ml of 70%, 95%, and absolute ethanols. The ethanolic washings were made up to volume, and portions were analyzed by TLC (Fig. 1 ). The remaining precipitate was dried overnight under vacuum over phosphorus pentoxide; after the total weight of precipitate had been obtained, about 10 mg were dissolved in quarternary ammonium hydroxide (NCS, Nuclear Chicago Corporation, Des Plaines, Ill.), and the resulting solution was placed in a toluene-phosphor for measurement oi radioactivity in a liquid scintillation counter. Portions of the aqueous and ethanolic washings were dissolved in a dioxan-phosphor (8) prior to the measuring of their 1 4 C content. The absolute amount of 14C was derived by referring to a toluene-1 4 C internal standard. In a second experiment, 62 moles of dioleoyl lecithin, or distearyl lecithin, were placed in a 25 ml Erlenmeyer flask. After removing organic solvents under a stream of nitrogen, 124 Mmoles of an aqueous solution of osmium tetroxide (2 g/100 ml) were added, and the mixture was agitated intermittently over the subsequent for 1.5 hr at 220. The reaction mixture was then dissolved in 25 volumes of chloroform: methanol, 2:1, and analyzed by TLC (Fig. 2) .
Experiments In Vivo
Male Sprague-Dawley rats, 250 g, were used without prior dietary control. In experiments in which lipids were infused intraduodenally, a polyethylene tube (PE 50, Clay-Adams, Inc., New York) was inserted, through a gastrotomy, into the first portion of the duodenum of an ether-anesthetized rat. Postoperatively, food was withheld, but the animal was allowed free access to water. The following day, 4 ml of a lipid mixture (Table I) were infused intraduodenally. 30 min later the rat was sacrificed by a blow on the head. The small intestine was removed, and its contents were washed out with isotonic saline. An 8 cm segment of upper jejunum was removed, and after adherent mesenteric fat had been excised, the segment was cut into rings (weighing about 10 mg) which were placed in a beaker of isotonic saline. The rings were transferred to another beaker of saline from which four rings were taken at random, blotted gently on Whatman 42 filter paper, and placed in a tared glass vial (T. C. Wheaton Co., Millville, N. J.). After the vial and its contents had been weighed, the rings were cut into quarters to approximate the size of a sample of tissue usually processed for electron microscopy. Three other vials were similarly prepared. To each of the four vials 1 ml of NCS was added. 3-5 days later, successive washes with 70%, 95%, and absolute ethanols, which were combined and made up to volume. Finally, the intestinal tissue was dissolved in 0.2 ml of water and I ml of NCS. From the initial tissue weight, the 14 C in each vial was predicted from the disintegrations per minute per milligram of unfixed tissue obtained from the first series of vials. The 14 C in the aqueous and ethanolic washings, and in the fixed and dehydrated tissue, was expressed as pe centages of the predicted 1 4 C.
In the other type of in vivo experiment, rats were anesthetized with diethyl ether; 1 ml of a lipid mixture (Table I) was injected into an 8 cm sac of proximal jejunum which had been isolated between two silk ligatures. The animal was allowed to revive, and 30 min later it was sacrificed by a blow on the head. Four other vials were similarly prepared except that, after the tissue weight had been obtained, 1 ml of fixative was added. The fixative solution contained 3.3 g of osmium tetroxide in 100 ml of bicarbonate buffer (9) . 1 hr later the fixative was removed, the tissue washed twice with 2 ml of water, and the combined fixative and aqueous washings were made up to volume. The tissue was then exposed for 15 min to The jejunal sac was removed and the tissue was treated as described.
Composition of
Lipids from unfixed jejunal rings were extracted with chloroform-methanol (6). Phospholipids and neutral lipids were obtained by silicic acid column chromatography (10) . Neutral lipid-1 4 C was fractionated by TLC (6).
RESULTS AND COMMENTS

Experiments In Vitro
Emulsions containing unsaturated lipids were converted within 1-2 sec to black insoluble materials when they were mixed with osmium tetroxide; this was not true of palmitic acid or distearyl lecithin mixtures which remained colorless. Thin-layer chromatography of the lipid-soluble reaction products showed that palmitic acid (Fig. 1) and distearyl lecithin (Fig.  2) were apparently unaltered by their exposure to this fixative. On the other hand, compounds other than the original lipid were found in reaction products of unsaturated lipids and osmium tetroxide.
When osmium tetroxide was added to the opalescent mixture of -palmitic acid-'4C and bile salt-saline, no visible reaction occurred. After the reaction mixture had been centrifuged, the aqueous supernatant was still opalescent and presumably contained emulsified palmitate; 84.5% of the radioactivity was removed in the aqueous phase and in subsequent ethanolic washings There were no striking differences among the distributions of 14C in unfixed tissue lipids labeled from the three fatty acids, except that linoleic acid was incorporated into triglycerides to a greater extent than palmitate and oleate acids (Table   IV) .
Very little phospholipid phosphorus was extracted during the dehydration of intestine (2, 3) .
Our data are consistent with the evidence that osmium tetroxide fixes lipids by reacting with their olefinic bonds to form relatively insoluble osmates (4). When intestinal mucosa was fixed in osmium tetroxide and dehydrated with ethanol, nearly all the oleate and linoleate was retained in the tissue. Thus, these unsaturated fatty acids are
